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Introduction. Accommodative insufficiency (AI) is a non-strabismic binocular vision 
anomaly characterized by an inability to focus for near vision, with symptoms of blurred 
near vision, headache, visual fatigue, and asthenopic symptoms.
Purpose. To evaluate the efficacy of Plus Lens treatment, and Flipper glasses in the im-
provement of Accommodative Amplitude (AA) and Near Point of Accommodation (NPA) 
in Accommodative insufficiency (AI).
Methods. A prospective study of 50 children aged 8-15years with distance heterophoria 
(< 2 pd), near heterophoria(< 6 pd), Near Point of Convergence (NPC) (10 cm/better on 
Royal Air Force (RAF) rule), and NPA (worse than 10 cm, 15d – 2.5* age) were recruited 
during July 2018 to June 2019 and followed up for 3months. Measurements including 
NPC, NPA, and AA were measured in each eye of the Plus Lens Reading Addition(PLRA)  
and Flipper group.
Results. Accommodative Insufficiency is higher in female children 67% in PLRA and 
60% in the Flipper group with a mean age of 12.73 years in the PLRA group and 12.93 
years in the Flipper group. NPA improved from 15.07 cm to 14.4 cm at 4 weeks, 11.87 
cm at 8 weeks, and 9.33 cm at 12 weeks of treatment with PLRA. The NPA improved 
from 15.73 cm to 12.4 cm at 4 weeks, 10.93 cm at 8 weeks, and 8.27 cm at 12 weeks of 
treatment with Flipper glasses. AA improved from 6.73 D to 7.03 D at 4 weeks, 8.5 D at 
8 weeks, and 10.73 D at 12 weeks of treatment with PLRA. The AA improved from 6.33 
D to 8.03 D at 4 weeks, 9.13 D at 8 weeks, and 11.73 D at 12 weeks of treatment with 
Flipper glasses. Children reported good compliance and no longer experienced blur or 
headache.
Conclusion. A higher level of improvement in NPA and AA is observed in the Flipper 
group. Faster improvement is seen in the Flipper group, and treatment time needed will 
be shorter in the Flipper group, but it is more difficult to motivate subjects to do orthop-
tic exercises as compared to wearing reading glasses.
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Introduction. Accommodative Insufficiency (AI) is a 
condition in which a patient cannot focus, and/or sustain fo-
cus at near. The American Optometric Association(AOA) 
defines AI as occurring when the amplitude of accommo-
dation is lower than expected for the patient’s age and is 
not due to sclerosis of the crystalline lens [1]. Accommo-
dative disorders are commonly observed in pediatric eye 
care practices [2]. Associated signs and symptoms are re-
lated to reading and other close work activities and include 
blurred vision at near, headaches, watering or burning of 
eyes, tired eyes, loss of concentration, and avoidance of 
near activities [3-6].

The most commonly prescribed treatments for accom-
modative insufficiency are plus lens addition at near/vi-
sion therapy or orthoptics [2, 8-11]. Although plus lenses 
worn for near activities may improve symptoms for some 
patients, orthoptics has the potential to eliminate the ac-
commodative dysfunction rather than solely providing 
symptomatic relief. Clinical studies reported success rates 
for the treatment of accommodative insufficiency as high 
as 96% [9-13].

This study aims to evaluate the efficacy of Plus Lens 
treatment, and Flipper glasses modalities in the manage-
ment of Accommodative Insufficiency in children.

Material and methods
A prospective study was conducted at tertiary care Eye 

Institute from July 2018 to June 2019 with follow-up cases 
for 3 months. A total of 50 pediatric patients of age group 
8-15 years were enrolled based on the fulfillment of inclu-
sion and exclusion criteria. 

Inclusion criteria:
• Patients of ≤15 years of age group. 
• Patients with Best corrected visual acuity (BCVA) 

– 20/20; distance heterophoria <2 pd, near heterophoria 
< 6pd; near point of convergence - 10 cm/better on RAF 
rule; NPA – worse than 10 cm/15d – 2.5*age; NFV of 
atleast 7 pd base in break and 5 pd base in recovery; PFV 
of 10 pd base out break and 7 pd base out recovery; and 
normal ocular motility. 
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• Patients with no ocular pathology, no history of oph-
thalmic treatment, not taking any drugs with known effect 
on vision, binocular function, and accommodation.

Exclusion criteria:
• Patients with amblyopia (2/more lines difference in 

BCVA between 2 eyes), constant strabismus, history of 
strabismus surgery, and any refractive error (after cyclo-
plegic refraction).

• Patients with a history of refractive surgery, presence 
of manifest/latent nystagmus, accommodative insufficien-
cy secondary to acquired/ traumatic brain injury. 

• Patients with a history of diabetes mellitus, multiple 
sclerosis, myasthenia gravis, developmental and intellec-
tual disability. 

• Patients, who fulfill the inclusion/exclusion were 
included in the study by the first examiner. Patients were 
allotted into two groups of management (PLRA and Flip-
pers) according to block randomization (block size 2). All 
the initial and follow-up measurements of study variables 
were performed by the second examiner without knowl-
edge of the mode of management patients had received.

Distance visual acuities were measured in each eye 
using Snellen letters and the projector chart. Near visual 
acuities were measured in each eye with reduced Snellen 
equivalent letters at 40 cm. A 20/30 to 20/40 Snellen letter 
was used at distance and a 20/30 reduced Snellen equiva-
lent letter was used at 40cm as a fixation target.

Ocular alignment was assessed at a distance and near 
using cover test and alternate cover testing with prism neu-
tralization. Measurements were assessed at both 6meters 
and 40 cm. The cover test is used to identify the presence 
or absence of strabismus. The subjects were instructed to 
maintain clarity and fixation of the target throughout test-
ing. The magnitude was recorded as the amount of prism 
just below the amount where 5 reversals were observed.

Stereopsis was measured using the Titmus Fly Chart 
for near and Random chart for distance.

NPC, NPA, and AA are measured by specially de-
signed rules such as the RAF rule. It consists of a bar or 
rule made from metal on which a rider with the test chart 
can be moved back and forth (fixation target). At one end 
of the bar is wing-like support that fits over the nose and 
rests against the lower orbital margins during the measure-
ment. One side is divided into centimeters – used for mea-
surement of NPC, NPA, the second one into inches, the 
third one into diopters – for AA, and age is indicated in 
years on the fourth side.

NPA, near point of accommodation, is the closest point 
at which small objects can be seen clearly. To determine 
NPA, a sliding target with N8 letters is moved towards the 
eye until the closest point is found at which it still can be 
seen clearly. NPA is first determined for each eye sepa-
rately and then for both eyes together. NPA is measured in 
centimeters.. For the measurement of convergence, a dot 
is used as a target. It is advanced towards the patient at, or 
slightly below the eye level until the patient has converged 
maximally and cannot sustain a single bifoveal fixation as 

the target is brought closer. At this breakpoint, the sub-
ject‘s non-dominant eye will diverge (objective test) and 
the patient may appreciate diplopia (subjective test). The 
distance from the canthus to this point is read on the rule 
and NPC is recorded in mm or cm. The amplitude of ac-
commodation was measured by the push-up method. The 
patient is instructed to view the target at a distance of 40cm 
and then the target was slowly moved towards the subject 
along with the RAF rule. Patients were instructed to report 
when the target first became blurred. At that point, the side 
of the bar marked in diopters will indicate the amplitude 
of accommodation in diopters. Fusional vergences were 
measured by handheld prism bars (base in and base out).

The accommodative facility is the speed at which the 
patient could see 20/30 letters at 40cm clearly through al-
ternating +2.00 D, and -2.00 D lenses, measured in cycles 
per minute (cpm). The decreased accommodative facility 
was defined as <6cpm, which is 1 SD below the normative 
value of 11cpm for school-age children. The treatment re-
ceived was either +1 D plus lens reading addition (PLRA) 
or +/- 1.00 D Flipper glasses. For the PLRA treatment, the 
children were encouraged to use glasses for all types of 
near visual work as much as possible

For the flipper glasses treatment group, the children 
were instructed to do 2 sessions of fifteen minutes each 
day. The sessions were to be done at times when the sub-
jects were not feeling tired or experiencing asthenopia. 
The subjects do as many flips as they can keeping the 
target at 40cm as clear as possible. The children of both 
groups were advised to follow up at 4 weeks, 8 weeks, and 
12 weeks and visual acuity, NPA, and AA were measured 
at each visit of follow-up.

Statistical analysis was done using SPSS software 
version 17(SPSS Inc, Chicago, IL). Descriptive statis-
tics were calculated for all the parameters recorded in the 
study. Hypotheses were formulated and tested for signifi-
cance using ANOVA. Values are represented in percentage 
and mean±SD. Column stats and student t-test were used 
to determine the mean and SD and p-value in respective 
groups. One-way ANOVA was used to calculate the sta-
tistical significance in more than three groups. A p-value 
of 0.05 or less has been considered statistically significant.

Results

Demographics 
In the PLRA group, 13 (52%) belong to 8-12 years of 

age, 12 (48%) belong to 13- 15 years with a mean age of 
12.24 ± 2.08 years. In the FLIPPER group, 9 (36%) belong 
to 8-12 years of age, 16 (64%) belong to 13-15 years with 
a mean age of 12.8 ± 1.75 years. In the PLRA group, 9 
(36%) were male children and 16 (64%) were female chil-
dren, whereas, 10 (40%) were male children and 15 (60%) 
were female children recorded in the FLIPPER group. 

Improvement of near point of accommodation
Near the point of accommodation (NPA)in cm in 

Plus Lens Reading Addition(PLRA) group before treat-
ment was 15.76 ± 2.66, after 4 weeks of treatment NPA 
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improved to 14.8 ± 2.08, after 8 weeks of treatment NPA 
improved to 11.64 ± 2.89 and after 12 weeks of treatment 
NPA was 9.28 ± 1.62, which is almost normal.

NPA in Flipper group before treatment was 16.32 
± 2.56, after 4 weeks of treatment NPA improved to 
12.48 ± 1.93, after 8 weeks of treatment NPA improved 
to 10.56±1.47 and after 12 weeks NPA was 8.32 ± 0.74, 
which is normal (p<0.00001).

Improvement of accommodative amplitude
Accommodative amplitude (AA) (D) in the PLRA 

group before treatment was 6.48± 1.11, improved to 
6.84±1.08 after 4 weeks of treatment, 8.32±1.27 after 8 
weeks of treatment, and 10.76±1.5 after 12 weeks of treat-
ment (p<0.00001).

AA in the Flipper group before treatment was 6.12 ± 
1.1, improved to 8.06 ± 1.23 after 4 weeks of treatment, 
9.48 ± 1.38 after 8 weeks of treatment, and 11.68 ± 0.74 
after 12 weeks of treatment (p<0.00001).

NPA and AA in both groups before and after treatment
NPA in the PLRA group improved from 15.76 cm to 

9.28 cm showing an improvement of 6.48 cm which was 
statistically significant. NPA in the Flipper group improved 
from 16.32cm to 8.32cm showing an improvement of 8.0 
cm which was statistically significant (p<0.00001). AA in 
the PLRA group improved from 6.48 D to 10.76 D with 
a difference of 4.28 D which was statistically significant. 
AA in the Flipper group improved from 6.12 D to 11.68 D 
with a difference of 5.56 D which was statistically signifi-
cant (p<0.00001) (Table 1).

NPA has improved significantly in the flipper group 
after 4 weeks of treatment when compared to the PLRA 
group. There is no significant difference in outcomes of 
both treatment groups after 12 weeks of treatment but im-
provement is fast in the flipper group when compared to 
the PLRA group. There is a significant improvement in AA 
in the flipper group after 4 weeks of treatment when com-
pared to the PLRA group. There is no significant differ-
ence in outcomes of both treatment groups after 12 weeks 
of treatment but improvement is fast in the flipper group 
when compared to the PLRA group (Figure 1).

Discussion

This is a hospital-based prospective study conducted 
on 50 children. Accommodative insufficiency can be im-
proved with vision therapy by purposeful and controlled 
manipulations of target blur. The commonly used regimes 
of therapy for AI are fundamentally different, in that PLRA 
is a more passive type of treatment when compared to flip-
per treatment. However, in both regimes, the aim was to 
improve the response of blur-driven sensors, and adap-
tive mechanisms within the accommodative system, so 
that they can regain normal capacity. The purpose of this 
study is to evaluate which mode of therapy either PLRA 
or spherical flipper, is more effective in the treatment of 
accommodative insufficiency.

Our study included 50 children of age group 8-15 years 
presenting to the pediatric ophthalmology department with 

accommodative insufficiency. In our study, 13 (52%) chil-
dren belong to the age group of 8-12 years, 12 (48%) be-
long to the age group of 13-15 years and the mean age 
was 12.24 years in the PLRA group. In the flipper group 9 
(36%) children belong to age group 8- 12 years, 16 (64%) 
children belong to age group 13-15 years, and the mean 
age was 12.8 years.

In our study, 9 (36%) children are male, 16 (64%) are 
female in the PLRA group, 10 (40%) children are male, 15 
(60%) children are female in the flipper group.

In our study, NPA improved from 15.76 cm to 9.28 cm 
with a difference of 6.48 cm after 12 weeks of treatment 
PLRA group. This result is at par with S. Abdi et al. (2005) 
[15] which showed improvement of NPA from 10-25 cm 
to 8-10 cm after treatment with PLRA. S. Abdi et al. [15] 
showed improvement of NPA at 8 weeks of treatment with 
PLRA (+1D).

In the flipper group, NPA improved from 16.32 cm to 
8.32 cm with a difference of 8.0 cm after 12 weeks of treat-
ment. There is no study comparable for improvement of 
NPA in the flipper group.

In our study, AA improved from 6.48D to 10.76D with 
a difference of 4.28D after 12 weeks of treatment in the 
PLRA group. This improvement is slightly higher than R. 
Brautaset et al. [14] where improvement is 1.58 D, due to 
difference in treatment duration (8 weeks). According to 
Daum et al.[11], 53% showed total improvement in symp-
toms within 1 week of treatment with PLRA.

In our study AA improved from 6.12 D to 11.68 D 
with a difference of 5.56 D after 12 weeks of treatment 
with flipper glasses. This is in variance with Brautaset et 
al.[14], which showed an improvement of AA from 4.25 
D to 7.82 D with a difference of 3.57 D. The higher im-
provement in our study can be attributed to the increased 
duration of exercises executed per day when compared to 
other studies. Sterner et al. [11] showed improvement in 
accommodative insufficiency with flipper glasses but vari-
ables are different.

Our study showed faster improvement in both NPA and 
AA in the flipper group i.e., at 4 weeks of treatment when 
compared with the PLRA group, but there is no statisti-
cally significant difference in the outcome of treatment in 
both groups after 12 weeks. This finding is in correlation 
with the results of R. Brautaset et al. [14]. The higher level 
of improvement in the accommodative amplitude after 
treatment in the flipper group indicates that treatment time 
needed will be shorter with this type of treatment as com-
pared with PLRA. On the other hand, it is more difficult to 
motivate subjects to do orthoptic exercises as compared to 
wearing reading glasses.

Conclusion 
In Flipper group, NPA improved from 16.32 cm to 8.32 

cm, while AA improved from 6.12D to 11.68 D with sig-
nificant difference. In PLRA group, NPA improved from 
15.76 cm to 9.28 cm, while AA improved from 6.48 D 
to 10.76 D with significant difference. NPA and AA im-
proved in both PLRA and Flipper groups. But a higher 
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level of improvement in NPA and AA is seen in the Flip-
per group than the PLRA group but the difference is not 
statistically significant. Faster improvement is seen in the 
Flipper group than PLRA group, so treatment time needed 
will be shorter in the Flipper group, but it is more difficult 
to motivate subjects to do orthoptic exercises as compared 
to wearing reading glasses. Accommodative insufficiency 
can be successfully managed by optometric vision therapy 
in adjunction with an added plus lens. A detailed binocular 
and accommodative evaluation is a must before prescrib-
ing added lens.
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Table 1. Mean values of study variables in both treatment groups before and after treatment

Group Before treat
ment

At 4 weeks of 
treatment

At 8 weeks of 
treatment

At12 weeks of 
treatment Difference P-value

Near point of accommodation (cm)

PLRA 15.76 ± 2.66 14.8 ± 2.08 11.64 ± 2.89 9.28 ± 1.62 6.48 <0.00001

Flippers 16.32 ± 2.56 12.48 ± 1.93 10.56 ± 1.47 8.32 ± 0.74 8.0 <0.00001

Accommodative amplitude

PLRA 6.48 ± 1.11 6.84 ± 1.08 8.32 ± 1.27 10.76 ± 1.50 4.28 <0.00001

Flippers 6.12 ± 1.10 8.06 ± 1.23 9.48 ± 1.38 11.68 ± 0.74 5.56 <0.00001

Figure 1. A. Mean NPA (cm) by study visit and treatment group, and B. Mean AA (d) by study visit and treatment group


